AHP Methodology Application in Garage-parking Facility Location Selection by Aleksandra Deluka-Tibljaš et al.
3URPHW²7UDIÀF	7UDQVSRUWDWLRQ9RO1R 
$'HOXND7LEOMDä%.DUOHXäDþ%HQDF$+30HWKRGRORJ\$SSOLFDWLRQLQ*DUDJH3DUNLQJ)DFLOLW\/RFDWLRQ6HOHFWLRQ
$/(.6$1'5$'(/8.$7,%/-$ã3K'
(PDLOGHOXND#JUDGULKU 
%$5%$5$.$5/(8ã$3K'
(PDLOEDUEDUDNDUOHXVD#JUDGULKU 
þ('20,5%(1$&3K'
(PDLOFHGRPLUEHQDF#JUDGULKU 
8QLYHUVLW\RI5LMHND)DFXOW\RI&LYLO(QJLQHHULQJ 
9&(PLQD+55LMHND&URDWLD
7UDIÀF3ODQQLQJ 
5HYLHZ 
$FFHSWHG6HS 
$SSURYHG0D\
$+30(7+2'2/2*<$33/,&$7,21,1
*$5$*(3$5.,1*)$&,/,7</2&$7,216(/(&7,21
ABSTRACT
7KHSDSHUGHDOVZLWK WKHVHOHFWLRQRI WUDIÀF LQIUDVWUXFWXUH
IDFLOLW\ ORFDWLRQ E\ DSSO\LQJ WKH $+3 $QDO\WLF +LHUDUFK\
3URFHVVPXOWLFULWHULDDQDO\VLVPHWKRGRORJ\7KHSURSRVHG
PHWKRGRORJ\ LV DSSOLHG LQ D FDVH VWXG\ WR VROYH WKH SURE
OHP RI VHOHFWLQJ D ORFDWLRQ IRU WKH JDUDJHSDUNLQJ IDFLOLW\
LQ WKH WRZQRIGHÀQHGFKDUDFWHULVWLFV7KHSDSHUDQDO\VHV
WKHFKDUDFWHULVWLFVRIÀYHSRWHQWLDO ORFDWLRQVDOWHUQDWLYHV
WKHVHOHFWLRQRIFULWHULDDQGPHDVXUHVIRUDVVHVVLQJWKHDO
WHUQDWLYHVDQGSUHVHQWVWKHLQSXWGDWDSUHSDUDWLRQWKHDS
SOLFDWLRQ RI WKH VHOHFWHGPHWKRGDQG WKH DQDO\VLV UHVXOWV
$OOWKHUHOHYDQWFULWHULDIRUWKHDQDO\VHVZHUHLQFOXGHGWKH
WUDIÀFWKHHFRQRPLFFULWHULDDQGWKRVHZKLFKQRZDGD\VDUH
RIJUHDWVLJQLÀFDQFHWKHLQÁXHQFHRIWKHIDFLOLW\RQWKHHQYL
URQPHQWDQGWKHVRFLDOFULWHULDZKLFKLVLQDFFRUGDQFHZLWK
WKHVXVWDLQDEOHGHYHORSPHQWSULQFLSOHV7KHJRDORIWKHSD
SHULVWRSUHVHQWWKHSURFHGXUHRIWKH$+3PHWKRGDSSOLFD
WLRQRQWKHFRPSOH[LVVXHRIWUDIÀFSODQQLQJDQGWRFRQÀUP
WKH DGHTXDF\ RI WKH FKRVHQPHWKRG RQ WKH WUDIÀF IDFLOLW\
VWUDWHJLFSODQQLQJ
KEY WORDS
ORFDWLRQ VHOHFWLRQ LQIUDVWUXFWXUH IDFLOLWLHV JDUDJHSDUNLQJ
IDFLOLW\PXOWLFULWHULDDQDO\VLVRSWLPL]DWLRQ
,1752'8&7,21
3ODQQLQJRIWUDIÀFLQIUDVWUXFWXUHIDFLOLWLHVVWDUWVE\
UHFRJQL]LQJWKHWUDIÀFSUREOHPDQGLVIROORZHGE\GHÀQ-
LQJWKHSUREOHPWKHJRDOVWKHFULWHULDDQGPHDVXUHV
IRU DVVHVVPHQW RI WKH JRDOV IXOÀOPHQW OLPLWDWLRQV
HWFDQGJHQHUDWLQJSRVVLEOHDOWHUQDWLYHVROXWLRQV,Q
RUGHUWRHQVXUHWKHEHVWWKDWLVWKHRSWLPDOVROXWLRQ
RIWKHSUREOHPDOODOWHUQDWLYHVPXVWEHDQDO\]HGDQG
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PHWKRGIRUJDUDJHSDUNLQJIDFLOLW\ORFDWLRQVHOHFWLRQ
$+3 LV D SULRULW\ PHWKRG DSSOLFDEOH WR SUREOHPV
WKDW FDQ EH UHSUHVHQWHG E\ D KLHUDUFKLFDO VWUXFWXUH
>@7KHWRSRIWKHKLHUDUFK\LVWKHJRDORQH
OHYHO ORZHUDUHFULWHULDDQG WKHUH LV WKHSRVVLELOLW\ RI
KDYLQJPRUHOHYHOVIRUVXEFULWHULD7KHORZHVWOHYHOLV
UHSUHVHQWHGE\DOWHUQDWLYHV$+3PHWKRGLVEDVHGRQ
HVWLPDWLQJ UHODWLYH SULRULWLHV ZHLJKWV RI FULWHULD DQG
DOWHUQDWLYHVRQZKLFKSDLUZLVHFRPSDULVRQPDWUL[IRU
FULWHULD DQG SDLUZLVH FRPSDULVRQPDWULFHV IRU DOWHU-
QDWLYHVRQHPDWUL[IRUHDFKFULWHULRQDUHJHQHUDWHG
7KHVHPDWULFHVDUHIRUPHGE\SDLUZLVHFRPSDULVRQRI
DOWHUQDWLYHVUHJDUGLQJWKHLULPSRUWDQFHZLWKUHVSHFWWR
HDFKFULWHULRQDQGSDLUZLVHFRPSDULVRQRIFULWHULDZLWK
UHVSHFWWRWKHJRDOXVLQJDSDLUZLVHFRPSDULVRQVFDOH
VKRZQLQ7DEOH
7KHFROXPQVLQPDWULFHVDUHQRUPDOL]HGLQRUGHUWR
FDOFXODWHWKHSULRULW\YHFWRUIRUWKHFULWHULDDQGWKHSUL-
RULW\YHFWRUVIRUDOWHUQDWLYHVUHJDUGLQJHDFKFULWHULRQ
$VD UHVXOW WKHRYHUDOO SULRULW\PDWUL[ RI WKHDOWHUQD-
WLYHVLVIRUPHGLQZKLFKFROXPQVDUHSULRULW\YHFWRUVRI
DOWHUQDWLYHV IRUHDFKFULWHULRQ0XOWLSO\LQJ WKLVPDWUL[
ZLWK WKH SULRULW\ YHFWRU RI FULWHULD WKH RYHUDOO SULRULW\
YHFWRURIDOWHUQDWLYHVLVFDOFXODWHG7KHRYHUDOOSULRULW\
YHFWRUGHÀQHVWKHSULRULW\ZHLJKWRIHDFKDOWHUQDWLYH
LQ UHVSHFW WR WKH JRDO VR WKH UDQNLQJ RI DOWHUQDWLYHV
FDQEHPDGH
7KHDGYDQWDJHRIWKLVPXOWLFULWHULDPHWKRGLVWKDW
LW FDQ EH XVHG ZKHQ MXVW WKH SDLUZLVH FRPSDULVRQ
RI DOWHUQDWLYHV DFFRUGLQJ WR HDFK FULWHULRQ DQG WKH
SDLUZLVHFRPSDULVRQRIFULWHULD WRZDUGV WKHJRDODUH
NQRZQ7KHUHIRUHWKLVPHWKRGHQDEOHVWKHUDQNLQJRI
DOWHUQDWLYHVZKLFKDUHQRWH[DFWO\YDOXHGXQGHUHDFK
FULWHULRQVHSDUDWHO\WKDWLVLIWKHLPSRUWDQFHRIHYHU\
VLQJOHFULWHULRQLVQRWH[DFWO\GHÀQHG
,QWKLVFDVHWKHFRQVLVWHQF\RISDLUZLVHFRPSDUL-
VRQPDWULFHVRIDOWHUQDWLYHVFULWHULDDQGDOVRRIRYHUDOO
SULRULW\PDWUL[LVDQDO\VHGE\FDOFXODWLQJWKHLQFRQVLV-
WHQF\LQGH[7KHLQFRQVLVWHQF\LQGH[VKRXOGEHORZHU
WKDQ ,Q WKDWFDVH WKH MXGJPHQWVDUHFRQVLVWHQW
,IWKHLQFRQVLVWHQF\LQGH[LVKLJKHUWKHQWKHUHHYDOX-
DWLRQRISDLUZLVHFRPSDULVRQRIDOWHUQDWLYHVDQGFULWH-
ULDLVUHTXLUHG
)RUUDQNLQJWKHDOWHUQDWLYHVXVLQJWKHPXOWLFULWHULD
PHWKRG$+3WKHQH[WVWHSVKDYHWREHSHUIRUPHG
 'HÀQHWKHSUREOHPWKHJRDOWKHFULWHULDWKHDOWHU-
QDWLYHV
 'HÀQHWKHKLHUDUFK\
 3HUIRUPSDLUZLVHFRPSDULVRQRIDOWHUQDWLYHVLQUH-
VSHFWWRHDFKFULWHULRQ
 3HUIRUPSDLUZLVHFRPSDULVRQRIFULWHULDLQUHVSHFW
WRWKHJRDO
 $SSO\WKH$+3PHWKRGWRHVWLPDWHWKHRYHUDOOSULRU-
LW\YHFWRURIDOWHUQDWLYHVLQUHVSHFWWRWKHJRDO
 )RUPWKHUDQNOLVWRIDOWHUQDWLYHV
 3HUIRUPWKHVHQVLWLYLW\DQDO\VLV
 0DNHWKHÀQDOGHFLVLRQ
7KHFKDUDFWHULVWLFVRI$+3PHWKRGHQDEOHLWVDSSOL-
FDWLRQRQDZLGHUDQJHRISUREOHPV+RZHYHU LWVDS-
SOLFDWLRQLVVSHFLDOO\VWUHVVHGLILWLVDSSOLHGRQGLIIHUHQW
OHYHOVRIVWUDWHJLFRUWDFWLFDOWUDIÀFSODQQLQJZKHUHRI-
WHQWKHUHDUHQRSUHFLVHO\TXDQWLÀHGGDWDZKLFKLVDVD
UXOHWKHFDVHLQRSHUDWLRQDOSODQQLQJ8QOLNHWKHXVXDO
PXOWLFULWHULDDVVHVVPHQWRIHYHU\DOWHUQDWLYH UHJDUG-
LQJHDFKFULWHULRQVHSDUDWHO\WKHSRVVLELOLW\RISDLUZLVH
FRPSDULVRQRIDOWHUQDWLYHVLQUHODWLRQWRDVSHFLÀFFULWH-
ULRQZKLFKLVHQDEOHGE\WKH$+3PHWKRGVLJQLÀFDQWO\
VLPSOLÀHVWKDWLVIDFLOLWDWHVWKHVWUDWHJLFSODQQLQJ
7KHDSSOLFDWLRQRIWKHVWDWHGPHWKRGRQWUDIÀFSODQ-
QLQJSUREOHPVKDVEHHQDQDO\]HGLQGLIIHUHQWSDSHUV
ZKHQVHOHFWLQJWKHW\SHRIWKHJDUDJHSDUNLQJIDFLOLW\
>@ZKHQVHOHFWLQJWKHW\SHRIWUDQVSRUWDWLRQV\VWHP
>@ HWF 7KH SRVVLELOLW\ RI LWV DSSOLFDWLRQ RQ WUDIÀF
SODQQLQJKDVEHHQFRQVLGHUHGLQJHQHUDOLQQXPHURXV
SDSHUV>@,QWKLVSDSHUWKHVWDWHGPHWKRGRO-
RJ\ZLOOEHH[DPLQHGRQVHOHFWLQJWKHJDUDJHSDUNLQJ
7DEOH7KH$+3SDLUZLVHFRPSDULVRQVFDOHVRXUFH>@
,QWHQVLW\RIZHLJKWLPSRUWDQFHSUHIHUHQFH 'HÀQLWLRQ
 (TXDOLPSRUWDQFHQRSUHIHUHQFH
 0RGHUDWHLPSRUWDQFHPRGHUDWHSUHIHUHQFH
 6WURQJLPSRUWDQFHVWURQJSUHIHUHQFH
 9HU\VWURQJLPSRUWDQFHYHU\VWURQJSUHIHUHQFH
 ([WUHPHLPSRUWDQFHH[WUHPHSUHIHUHQFH
 ,QWHUPHGLDWHYDOXHV
3URPHW²7UDIÀF	7UDQVSRUWDWLRQ9RO1R 
$'HOXND7LEOMDä%.DUOHXäDþ%HQDF$+30HWKRGRORJ\$SSOLFDWLRQLQ*DUDJH3DUNLQJ)DFLOLW\/RFDWLRQ6HOHFWLRQ
IDFLOLW\ORFDWLRQE\XVLQJ(;3(57&+2,&(VRIWZDUH
ZKLFK KDV EHHQ GHYHORSHG EDVHG RQ WKH WKHRUHWLFDO
DQGPDWKHPDWLFDOSULQFLSOHVRIWKH$+3PHWKRG>@
$+30(7+2'2/2*<$33/,&$7,21
,1*$5$*(3$5.,1*)$&,/,7<
/2&$7,216(/(&7,21
7KHSRVVLELOLW\RIDSSO\LQJWKH$+3PHWKRGLQWKH
SURFHVV RI WUDIÀF SODQQLQJ LV H[DPLQHG LQ WKH FDVH
VWXG\ RI D WRZQ VLWXDWHG RQ WKH $GULDWLF FRDVW 7KH
WRZQLVRIDW\SLFDO(XURSHDQXUEDQGHYHORSPHQWW\SH
ZLWK WKHROGKLVWRULFFHQWUH LQDGHTXDWH IRUPRWRUL]HG
WUDIÀF DQG KDV W\SLFDO WUDIÀF SUREOHPV VXFK DV WRR
PDQ\FDUVDQLQDSSURSULDWHURDGQHWZRUNDQGODFNRI
SDUNLQJSODFHV
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GXUHLVDSSOLHGLQRUGHUWRUDQNWKH*3)ORFDWLRQVDQG
WKHSULRULW\RI*3)FRQVWUXFWLRQFDQEHGHWHUPLQHG
 $OWHUQDWLYHORFDWLRQV
:KHQ VHOHFWLQJ WKH ORFDWLRQ IRU FRQVWUXFWLQJ D
JDUDJHSDUNLQJ IDFLOLW\ WKH SULRULW\ WDVN LV WR UHVROYH
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IURPDQRWKHUDQGWKDWWKHIROORZLQJGHYHORSPHQWVFH-
QDULRVDUHSRVVLEOH
 FRQVWUXFWLRQ RI ODUJHU JDUDJHSDUNLQJ IDFLOLWLHV LQ
WKHEURDGHU]RQHRIWKHFLW\FHQWUHWKLVVROXWLRQLV
IDYRXUDEOH IRU WKHXVHUV LQ UHODWLRQ WR WKHDFFHV-
VLELOLW\RIWKHIDFLOLW\RQIRRWEXWLWLQÁXHQFHVWKH
VWUHHWQHWZRUNWUDIÀFORDGLQWKHFLW\FHQWUHLQWKH
PRVWXQIDYRXUDEOHZD\
 FRQVWUXFWLRQRIODUJHUJDUDJHSDUNLQJIDFLOLWLHVRXW
VLGHWKHFLW\FHQWUH]RQHLQRXWO\LQJGLVWULFWVSUR-
YLGLQJWKHDSSURSULDWHWUDIÀFFRQQHFWLRQVEHWZHHQ
WKHIDFLOLW\DQGWKHFLW\FHQWUHHJE\LQWURGXFLQJ
SXEOLF WUDQVSRUW VHUYLFH ZLWK VPDOOHU H[FOXVLYH
JDUDJHSDUNLQJIDFLOLWLHVLQWKHFLW\FHQWUH
$IWHU DGRSWLQJ WKH JHQHUDO VWUDWHJ\ IRU *3) SODQ-
QLQJWKHORFDWLRQPXVWEHGHWHUPLQHGZKLFKEHVLGHV
WKHVWDWHGWUDIÀFFRQGLWLRQVPXVWPHHWDUDQJHRIRWK-
HULQWHUGLVFLSOLQDU\FULWHULD7KHSRVVLEOHFULWHULDIRU*3)
ORFDWLRQVHOHFWLRQFRXOGEHFODVVLÀHGLQWRDIHZFDWHJR-
ULHV WKH WUDIÀFUHODWHG FULWHULD YLFLQLW\ RI SHGHVWULDQ
GHVWLQDWLRQVFRUUHODWLRQWRSXEOLFWUDQVSRUWXUEDQGH-
YHORSPHQWFULWHULDEOHQGLQJLQWKHVXUURXQGLQJVVRFLDO
DVSHFWV HFRQRPLF FULWHULD DQG FRQVWUXFWLRQ FULWHULD
FRQVWUXFWLRQDGHTXDF\RIWKHORFDWLRQDQGRWKHU
7KXV DV D FDVHVWXG\ WKLV SDSHU DQDO\VHV WKH
*3)ORFDWLRQVHOHFWLRQLQWKHFLW\RQWKH$GULDWLFFRDVW
ZKLFK LV WKH DGPLQLVWUDWLYH FHQWUH RI DPLFURUHJLRQ
FD  LQKDELWDQWV DQG ZKRVH PDLQ EXVLQHVV
DQGDGPLQLVWUDWLYHIDFLOLWLHVDUHVLWXDWHGLQWKHKLVWRUL-
FDOFLW\FHQWUH
$W WKH VWUDWHJLF SODQQLQJ OHYHO ÀYH DOWHUQDWLYH OR-
FDWLRQV ZHUH DQDO\VHG WZR RI ZKLFK DOWHUQDWLYH $
DQGDOWHUQDWLYH%DOORFDWHG LQWKHYHU\FHQWUHRI WKH
WRZQÀUVWVFHQDULRDQGWKUHHRXWVLGHWKHFHQWUHDO-
WHUQDWLYHV & ' DQG ( VHFRQG VFHQDULR 6WDQGDUG
JDUDJHSDUNLQJIDFLOLWLHVZLWKVHPLFLUFXODUUDPSVDQG
DSSUR[LPDWHO\PRISODQDUHDZHUHDGRSWHGIRU
DQDO\VHV)RUGLIIHUHQWORFDWLRQVGHSHQGLQJRQWKHOR-
FDWLRQSDUDPHWHUVGLIIHUHQWQXPEHUVRIVWRUH\VZHUH
SODQQHG7KHFKDUDFWHULVWLFVRI WKHVHOHFWHG ORFDWLRQ
DQGWKH*3)DUHVKRZQLQ7DEOH
 &ULWHULD
7KH XVXDO FULWHULD DSSOLHG LQ D VWUDWHJLF ORFDWLRQ
VHOHFWLRQRIDWUDIÀFIDFLOLW\>@ZHUHXVHGDVFRP-
SDULVRQ FULWHULD WUDIÀF FULWHULD 7 HFRQRPLF FULWHULD
(HQYLURQPHQWDOFULWHULD(1DQGVRFLDOFULWHULD6
$VDSDUWRIHFRQRPLFFULWHULDVRLO FKDUDFWHULVWLFV
DW GHÀQHG ORFDWLRQVZHUH HODERUDWHG EHFDXVH WKHVH
FULWHULDDUHUHFRJQLVHGDV LPSRUWDQW LQWRGD\·VXUEDQ
SODQQLQJWKHRU\>@
'XH WR WKH XUEDQ GHYHORSPHQW FKDUDFWHULVWLFV RI
WKHKLVWRULFDOSDUWDVZHOODV WKHQDWXUDOFKDUDFWHULV-
WLFVSULPDULO\WKHFRQVWUXFWLRQLQWKHFRDVWDO]RQHDQG
WKHNDUVWSURSHUWLHVRIWKHJURXQGVSHFLÀFSUREOHPV
LQ UHVROYLQJ WKH WUDIÀF LVVXHV KDYH EHHQ RFFXUULQJ
WUDQVSRUWDWLRQ IDFLOLWLHV RI XQIDYRXUDEOH JHRPHWULFDO
FKDUDFWHULVWLFVGHQVHO\EXLOWHQYLURQPHQWVLJQLÀFDQW
RVFLOODWLRQRIDYHUDJHGD\WUDIÀFYROXPHV$'79GXULQJ
WKH\HDUDQGRWKHUWRJHWKHUZLWKVSHFLÀFJHRWHFKQLFDO
LVVXHV SDUWRI WKH WHUUDLQ LVVLWXDWHGRQ WKH OHYHOOHG
SDUW RI WKH VHD ERWWRP NDUVW WHUUDLQ ZLWK GLIIHUHQW
WKLFNQHVVRIFOD\OD\HULPSDFWRQJURXQGZDWHUVHWF
7DNLQJLQWRFRQVLGHUDWLRQWKHVWDWHGVSHFLÀFFKDU-
DFWHULVWLFVRIWKHDQDO\VHGLVVXHDQGWKHDYDLODELOLW\RI
GDWDUHTXLUHGIRUDQDO\VLQJWKHSRVVLELOLW\RI$+3PHWK-
RGRORJ\DSSOLFDWLRQIRUVROYLQJWKLVNLQGRILVVXHVWKH
VHOHFWHGFULWHULDFRQWDLQVXEFULWHULDZKLFKJXDUDQWHH
DFRPSUHKHQVLYHDVVHVVPHQWDQGFRPSDULVRQRIWKH
SURSRVHGORFDWLRQV$VDOUHDG\VWDWHGDVWDQGDUGJD-
UDJHSDUNLQJIDFLOLW\ZLWKVHPLFLUFXODUUDPSVP 
RISODQDUHDEXWGLIIHUHQWQXPEHURIVWRUH\VGHSHQG-
$'HOXND7LEOMDä%.DUOHXäDþ%HQDF$+30HWKRGRORJ\$SSOLFDWLRQLQ*DUDJH3DUNLQJ)DFLOLW\/RFDWLRQ6HOHFWLRQ
 3URPHW²7UDIÀF	7UDQVSRUWDWLRQ9RO1R
LQJ RQ WKH ORFDWLRQSDUDPHWHUVZDVDQDO\VHGRQDOO
ORFDWLRQV,QRUGHUWRPDNHDFRPSDULVRQRI*3)VKDSH
DOWHUQDWLYHVRQWKHVSHFLÀFDQGVHOHFWHGORFDWLRQDG-
GLWLRQDOWUDIÀFDQGRWKHUFULWHULDVKRXOGEHLQWURGXFHG
ZKLFKZRXOGUHODWHWRWKHYHU\IDFLOLW\HJWKHGHJUHH
RIXWLOL]DWLRQRI WKH IDFLOLW\ VXUIDFH OHQJWKVRIPRYH-
PHQWZLWKLQWKHIDFLOLW\DQGRWKHUZKLFKZDVDQDO\VHG
LQ>@+RZHYHUWKHVHFULWHULDGRQRWKDYHLQÁXHQFH
DWWKHSODQQLQJOHYHOZKLFKLVDQDO\VHGLQWKLVH[DPSOH
77UDIÀFFULWHULD
7KHIXQFWLRQRIJDUDJHSDUNLQJIDFLOLWLHVLVWRKRXVH
YHKLFOHV LQ VWDQGVWLOO DQG UHGXFH WKH QXPEHU RI DG-
GLWLRQDO ULGHV ZKLFK DUH WKH UHVXOW RI SDUNLQJ SODFH
VHDUFK7KHFRQFHQWUDWLRQRIDFHUWDLQDPRXQWRIYHKL-
FOHVZLWKLQD]RQHFUHDWHVDQDGGLWLRQDOVWUHHWQHWZRUN
WUDIÀF ORDGHVSHFLDOO\RQWKHLQWHUVHFWLRQVZKLFKDUH
WKH YHKLFOH HQWU\ SRLQWV:KHQ DVVHVVLQJ WKH IDFLOLW\
ORFDWLRQVWKLVDVSHFWPXVWEHH[DPLQHGLQDGYDQFH
7KHXVHUVRIWKH*3)FRQWLQXHWKHLUMRXUQH\DIWHUSDUN-
LQJ WKHLUYHKLFOHV LQ WKH IDFLOLW\RQ IRRWVRZKHQDV-
VHVVLQJ WKH ORFDWLRQ WKH SHGHVWULDQ DFFHVVLELOLW\ RI
SRWHQWLDOO\ LQWHUHVWLQJ FLW\ GHVWLQDWLRQVPXVW DOVR EH
WDNHQLQWRFRQVLGHUDWLRQ
7KUHHPDLQWUDIÀFFULWHULDDQGVHYHUDOVXEFULWHULD
ZHUHGHÀQHGIRUFRQGXFWLQJWKHPXOWLFULWHULDDQDO\VLV
7KH\UHVSHFWWKHIROORZLQJSDUDPHWHUV
7 ² FDSDFLW\RIWKHSODQQHG*3)QXPEHURISDUNLQJ
SODFHV
7 ² WUDIÀFORDGRIWKHH[LVWLQJURDGQHWZRUN
7 ² FDSDFLW\RIHQWULHVH[LWVRIWKH*3)
7 ² FDSDFLW\ RI WKH VXUURXQGLQJ LQWHUVHF-
WLRQVOHYHORIVHUYLFH
7 ² WUDIÀF LPSRUWDQFH DQG DFFHVVLELOLW\ LQ UHODWLRQ
WRWKHH[LVWLQJWUDQVSRUWDWLRQQHWZRUN
7 ² SHGHVWULDQ DFFHVVLELOLW\ YLFLQLW\ RI LQ-
WHUHVWLQJ GHVWLQDWLRQV ZKLFK FDQ EH
UHDFKHGRQIRRW
7 ² DFFHVVLELOLW\ WR WKH SULPDU\ DQG URDG-
ZD\ QHWZRUN OHQJWK RI DSSURDFK SR-
WHQWLDOEDUULHUV
7DEOH&KDUDFWHULVWLFVRIVHOHFWHGORFDWLRQDQG*3)
$OWHU-
QDWLYHV
/RFDWLRQFKDUDFWHULVWLFV
0DLQFKDUDFWHULV-
WLFVRIWKHIDFLOLW\
(VWLPDWLRQRISRVVL-
ELOLWLHVIRUFRPPHU-
FLDOXVHRIWKHIDFLOLW\6SDFHDQGWUDIÀFSRVLWLRQSHU-FHQWDJHRIORWGHYHORSPHQW
*HRWHFKQLFDOSURSHUWLHVRIVRLOW\SH
RIH[FDYDWLRQDQGSLWSURSSLQJ
A
 ² FLW\FHQWUHKLVWRULFDOSDUW
 ² DVVXUHGSHGHVWULDQDFFHVVLELO-
LW\WRGHVWLQDWLRQVRILQWHUHVW
 ² SRRUFRQQHFWLRQZLWK
URDGZD\QHWZRUN
 ² EXLOWXSDUHD
 ² H[FDYDWLRQDSSUR[LPDWHO\P
LQVRLOZLWKIUDJPHQWV
LQNDUVWLÀHGFDUERQDWHURFN
 ² JDUDJHIDFLOLW\IRXQGDWLRQVDUH
DERYHXQGHUJURXQGZDWHUOHYHO
SDUNLQJSODFHV
XQGHUJURXQG
DQGVHPL
HPEHGGHGVWRUH\
3RVVLELOLW\IRU
FRPPHUFLDOXVHRI
JDUDJHDOO\HDUORQJ
%
 ² FLW\FHQWUH
 ² DVVXUHGSHGHVWULDQDFFHVVLELO-
LW\WRGHVWLQDWLRQVRILQWHUHVW
 ² SRRUFRQQHFWLRQWRURDGZD\QHWZRUN
 ² EXLOWXSDUHD
 ² H[FDYDWLRQDSSUR[LPDWHO\P
LQVRLOZLWKIUDJPHQWV
LQNDUVWLÀHGFDUERQDWHURFN
 ² XQGHUJURXQGJDUDJHOHYHOVDUH
EHORZXQGHUJURXQGZDWHUOHYHO
 ² H[FDYDWHGSLWSURSSLQJZLOO
EHSDUWLFXODUO\FRPSOH[
SDUNLQJSODFHV
XQGHUJURXQGOHY-
HOVDQGVWRUH\V
DERYHJURXQGOHYHO
3RVVLELOLW\IRU
FRPPHUFLDOXVHRI
JDUDJHDOO\HDUORQJ
&
 ² RXWVLGHFLW\FHQWUH
 ² GHVWLQDWLRQVRILQWHUHVWRXW
RISHGHVWULDQDFFHVVLELOLW\
 ² JRRGFRQQHFWLRQWRFLW\ULQJ
URDGDQGURDGZD\QHWZRUN
 ² DUHDLVSDUWO\EXLOWXS
 ² H[FDYDWLRQDSSUR[LPDWHO\P
LQVRLOZLWKIUDJPHQWV
LQNDUVWLÀHGFDUERQDWHURFN
 ² RQHXQGHUJURXQGJDUDJHOHYHOLV
EHORZXQGHUJURXQGZDWHUOHYHO
 ² H[FDYDWHGSLWSURSSLQJZLOOEH
SDUWLFXODUO\FRPSOH[NDUVWLÀHG
EHGURFNLVGHHSO\VHWWOHGIRU
RIIRXQGDWLRQXSWRPHWHUV
SDUNLQJSODFHV
XQGHUJURXQG
OHYHODQGVWRUH\V
DERYHJURXQGOHYHO
1RWVXLWDEOHIRU
FRPPHUFLDOXVH
RIIVHDVRQ
'
 ² VXEXUEDQSDUWRIWKHFLW\
FORVHWRVSRUWV·IDFLOLWLHV
 ² QHFHVVDU\WRLPSOHPHQWSXEOLFWUDQV-
SRUWIRUWKHFRQQHFWLRQWRWKHFHQWUH
 ² JRRGFRQQHFWLRQWRURDGZD\QHWZRUN
 ² DUHDSDUWO\EXLOWXS
 ² H[FDYDWLRQDSSUR[LPDWHO\
PLQVRLO
 ² JDUDJHIDFLOLW\IRXQGDWLRQVDUH
DERYHXQGHUJURXQGZDWHUOHYHO
 ² H[FDYDWHGSLWSURSSLQJZLOO
EHFRPSOH[NDUVWLÀHGEHG-
URFNLVGHHSO\VHWWOHG
SDUNLQJSODFHV
XQGHUJURXQG
OHYHODQGVWRUH\V
DERYHJURXQGOHYHO
1RWVXLWDEOHIRU
FRPPHUFLDOXVH
RIIVHDVRQ
E
 ² VXEXUEDQSDUWRIWKHFLW\
 ² LQWURGXFWLRQRISXEOLFWUDQVSRUW
OLQHVWRWKHFHQWUHUHTXLUHG
 ² JRRGFRQQHFWLRQWROR-
FDOURDGZD\QHWZRUN
 ² SDUWO\EXLOWXSDUHD
 ² H[FDYDWLRQIRUIRXQGDWLRQDSSUR[L-
PDWHO\PLQVRLO
 ² IRXQGDWLRQVDUHDERYHOHYHO
RIXQGHUJURXQGZDWHU
SDUNLQJSODFHV
VWRUH\VDERYH
JURXQGOHYHO
1RWVXLWDEOHIRU
FRPPHUFLDOXVH
RIIVHDVRQ
3URPHW²7UDIÀF	7UDQVSRUWDWLRQ9RO1R 
$'HOXND7LEOMDä%.DUOHXäDþ%HQDF$+30HWKRGRORJ\$SSOLFDWLRQLQ*DUDJH3DUNLQJ)DFLOLW\/RFDWLRQ6HOHFWLRQ
(²(FRQRPLFFULWHULD
7KH IRUHVHHQ HFRQRPLF FULWHULD WDNH LQWR FRQVLG-
HUDWLRQWKHFRVWRIIDFLOLW\FRQVWUXFWLRQDVZHOODVWKH
FRVWVUHVXOWLQJIURPH[SORLWDWLRQIDFLOLW\PDLQWHQDQFH
DQGWKHSURÀWZKLFKFDQEHPDGHE\H[SORLWDWLRQ
7KHFRVWRI IDFLOLW\ FRQVWUXFWLRQ LV VLJQLÀFDQWO\ LQ-
ÁXHQFHGE\WKHDPRXQWDQGFRPSOH[LW\RIWKHIDFLOLW\
IRXQGDWLRQHQJLQHHULQJWKDWLVWKHJHRWHFKQLFDODQG
K\GURWHFKQLFDOFRQGLWLRQVRQWKHORFDWLRQ7KHDPRXQW
RIH[FDYDWLRQWDNHV LQWRDFFRXQWH[FDYDWLRQIRU IRXQ-
GDWLRQVDQGXQGHUJURXQGOHYHOV7KHFRQFHSWXDOGH-
VLJQRI WKHJDUDJHIDFLOLWLHVZDVDGMXVWHGWRWKHÀHOG
FRQGLWLRQV LQ WHUPVRI WKHLU YHUWLFDOSRVLWLRQLQJ 7KDW
UHVXOWHG LQ GLIIHUHQW GHSWKV DQG W\SHV RI IRXQGDWLRQ
VWUXFWXUH DQG LQ GLIIHUHQW QXPEHU RI XQGHUJURXQG
DQGVHPLHPEHGGHGVWRUH\VH[SODLQHGLQ7DEOH7KH
TXDQWLWLHVRIH[FDYDWLRQPDWHULDOWKHFRPSOH[LW\RIID-
FLOLW\IRXQGDWLRQHQJLQHHULQJDQGRWKHUUHODWHGGHWDLOV
IRUWKHVHOHFWHGORFDWLRQVDUHFDOFXODWHGDQGGHÀQHG
RQ WKHEDVLVRI >@ 7KHUHIRUH WKH IROORZLQJFULWHULD
DQG VXEFULWHULDZHUH WDNHQ LQWR FRQVLGHUDWLRQZKHQ
DQDO\VLQJWKHORFDWLRQVLQWKLVSDSHU
( ² FRQVWUXFWLRQFRVWV
( ²JHRWHFKQLFDO FKDUDFWHULVWLFV RI WKH
WHUUDLQ DQG IRXQGDWLRQ HQJLQHHULQJ
PHWKRG W\SHRI VRLO DQG URFNVRQ WKH
ORFDWLRQ K\GURWHFKQLFDO FKDUDFWHULV-
WLFV RI WKH WHUUDLQ ZDWHU SHUPHDELOLW\
DQGJURXQGZDWHUOHYHOVL]HRIWKHH[-
FDYDWLRQ GHSHQGV RQ WKH VL]H RI WKH
IDFLOLW\DQGWKHQXPEHURIXQGHUJURXQG
VWRUH\VWKHQHFHVVLW\RIIRXQGDWLRQSLW
SURWHFWLRQGXH WRSRVVLEOH VLGHFDYLQJ
DQG LQUXVKRIJURXQGZDWHUDVZHOODV
WKHIRXQGDWLRQHQJLQHHULQJPHWKRG
( ² QHFHVVDU\UHPRYDORIWKHH[LVWLQJVWUXF-
WXUHVIURPWKHORFDWLRQ
( ² IDFLOLW\ FRQVWUXFWLRQ FRVW HVWLPDWHG LQ
UHODWLYHWHUPVLQUHODWLRQWRRWKHUIDFLOL-
WLHV WDNLQJ LQWR FRQVLGHUDWLRQ WKH VL]H
RIWKHIDFLOLW\DQGWKHQXPEHURIXQGHU-
JURXQGVWRUH\V
( ² SURÀWDELOLW\RIWKHIDFLOLW\²SRVVLEOHSURÀWIURP
FKDUJLQJ WKH SDUNLQJ LQ WKH IDFLOLW\ ZDV DV-
VHVVHGE\WDNLQJLQWRFRQVLGHUDWLRQWKHVL]HRI
WKHIDFLOLW\QXPEHURISDUNLQJVSDFHVDQGWKH
ORFDWLRQ YLFLQLW\RI WKHFHQWUHZDVFRQVLGHUHG
DVDSRVLWLYHHIIHFWEHFDXVHLWDVVXUHVFRPPHU-
FLDOXVHGXULQJWKHHQWLUH\HDU
7KHFDOFXODWLRQRI IDFLOLW\FRVWVXVXDOO\FRPSULVHV
WKH FRVWV RI FRQVWUXFWLRQPDLQWHQDQFHDQG UHPRYDO
RI WKH IDFLOLW\ &RVWV RIPDLQWHQDQFH DQG UHPRYDO RI
WKH*3)DIWHU H[SORLWDWLRQZHUHQRW DVVHVVHG LQ WKLV
FDVH EHFDXVH QR IXUWKHU W\SL]DWLRQ RI WKH VWUXFWXUH
ZDVPDGH ,WPXVWEHPHQWLRQHGWKDWSRVVLEOHFRVWV
RIWUDIÀFV\VWHPDGMXVWPHQWRUDQ\DGMXVWPHQWRXWVLGH
WKHSDUNLQJIDFLOLW\ZHUHQRWWDNHQLQWRFRQVLGHUDWLRQ
HJLPSOHPHQWDWLRQRISXEOLFWUDQVSRUWHWF
(1²(QYLURQPHQWDOFULWHULD
7KHOHJLVODWLYHUHJXODWLRQVRIWKH5HSXEOLFRI&URD-
WLD>@UHJXODWHWKHLPSOHPHQWDWLRQRISURFHGXUHV
IRUDVVHVVLQJWKHLPSDFWRIWKHFRQVWUXFWLRQRQWKHHQ-
YLURQPHQW7KHSDUNLQJIDFLOLWLHVIURPWKHVWDWHGGRFX-
PHQWVDUHPHQWLRQHG LQ WKH ´5HJXODWLRQRQSURMHFWV
DVVHVVHGRQWKHQHFHVVLW\RIHVWLPDWLQJWKHLPSDFWRI
WKH SURMHFW RQ WKH HQYLURQPHQWµ LQ FDVH RI SODQQLQJ
WKHSDUNLQJORWVDVVHOIVXIÀFLHQWSURMHFWVZKRVHDUHD
LVKDRUPRUH7KHDQDO\VHG*3)VKDYHDSODQDUHDRI
P5HJDUGOHVVRIDQRQH[LVWLQJOHJLVODWLYHUHJX-
ODWLRQIRUFDVHVWXG\HODERUDWLRQDERXWWKHLPSDFWRQ
WKHHQYLURQPHQWDQGDVVHVVPHQWRIWKHLPSDFWRQWKH
HQYLURQPHQWRIWKHSDUNLQJIDFLOLWLHVFRYHULQJOHVVWKDQ
KDZKHQVHOHFWLQJWKHORFDWLRQIRUDQ\*3)WKHHQYL-
URQPHQWDOFULWHULDVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQ
,Q WKH FDWHJRU\ RI HQYLURQPHQWDO FULWHULD VSHFLDO
DWWHQWLRQZDV SDLG WR WKH LQÁXHQFH WKH FRQVWUXFWLRQ
RIDJDUDJHIDFLOLW\KDVRQWKHHQYLURQPHQWRIVSHFLÀF
ORFDWLRQV WDNLQJ LQWR FRQVLGHUDWLRQ WKH VHQVLWLYLW\ RI
JHRWHFKQLFDOFRQGLWLRQVDQGRWKHUQHJDWLYHHIIHFWVRQ
WKHVRLOWKHDLUDQGWKHZDWHUZKLFKRFFXUGXULQJWKH
FRQVWUXFWLRQ>@7KHLQÁXHQFHRIWKHIDFLOLW\XQ-
GHUFRQVWUXFWLRQZDVDQDO\VHGDVZHOODVWKHDHVWKHWLF
FULWHULDRILQÁXHQFLQJWKHXUEDQYLHZRIDSDUWLFXODUOR-
FDWLRQDIWHUWKHFRQVWUXFWLRQKDVEHHQFRPSOHWHG7KH
VHOHFWHGHQYLURQPHQWDOFULWHULDZHUHWKHIROORZLQJ
(1 ² LQÁXHQFHRQWKHHQYLURQPHQWGXULQJWKHFRQ-
VWUXFWLRQ
(1² LQÁXHQFHRI WKH*3)FRQVWUXFWLRQRQ
ZDWHU UHVRXUFHV LPSOLHV WKHSRVVLEOH
KDUPIXOLQÁXHQFHERWKRQWKHJURXQG
ZDWHUVDQGRQWKHVHDZKLFKLVQHDU-
E\7KHWHUUDLQVZLWKNDUVWK\GURORJLFDO
DQG JHRORJLFDO FKDUDFWHULVWLFV ZKLFK
SUHYDLO RQ WKH &URDWLDQ FRDVW RI WKH
$GULDWLFDUHVWURQJO\FKDUDFWHULVHGE\
ZDWHUSHUPHDELOLW\RI WKH WHUUDLQDQG
WKHWUDQVPLVVLYLW\7KHDQDO\VHGORFD-
WLRQVDUHVLWXDWHGRXWVLGHWKHVDQLWDU\
SURWHFWLRQDQGGULQNLQJZDWHU VRXUFH
]RQHVZKLFKFRXOGRWKHUZLVHSUHVHQW
WKHPRVWVLJQLÀFDQWGDQJHU+RZHYHU
GXULQJWKHFRQVWUXFWLRQWKHSROOXWLRQ
FDQ EH WUDQVIHUUHG E\ XQGHUJURXQG
ZDWHUV WR WKH QHDUE\ VHD %\ FRQ-
VWUXFWLQJ UHODWLYHO\ ODUJHU IDFLOLWLHVRQ
WKHSURSRVHGORFDWLRQVDEDFNÀOOLQJRI
WKHQDWXUDOGUDLQDJHFDQDOVFDQRFFXU
DQGVXGGHQÁRRGLQJKD]DUGFDQEHLQ-
FUHDVHG
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(1² KDUPIXO LQÁXHQFH RI*3) FRQVWUXFWLRQ
RQ WKH VRLO WKH DPRXQW DQG NLQG RI
PDWHULDO UHVLGXH IURP SUHYLRXV FRQ-
VWUXFWLRQHQJLQHHULQJVRLORU URFNDUH
GLIIHUHQW RQ HYHU\ ORFDWLRQ 7KH H[FD-
YDWHGPDWHULDOPXVWEHWUDQVSRUWHGWR
DGHTXDWHGLVSRVDOVLWHVRIFRQVWUXFWLRQ
GHEULV+RZHYHU LI WUHDWHGDGHTXDWHO\
WKH H[FDYDWHG URFN PDWHULDO FDQ EH
XVHG DV LQGXVWULDO VWRQH IRU GLIIHUHQW
SXUSRVHV7KHUHIRUH WKLVNLQGRIEDVH
LV PRUH IDYRXUDEOH IURP WKH HQYLURQ-
PHQWDOSURWHFWLRQSRLQWRIYLHZ
(1² KDUPIXO LQÁXHQFH RI*3) FRQVWUXFWLRQ
RQ WKH DLU TXDOLW\ DQG WKH LQFUHDVHG
OHYHO RI QRLVH GXULQJ FRQVWUXFWLRQ DQ
LQFUHDVHG OHYHO RI QRLVH DQG D ODUJHU
FRQFHQWUDWLRQRIGXVWFDQEHH[SHFWHG
GXH WR EODVWLQJ DQG FRQVWUXFWLRQ PD-
FKLQHU\RSHUDWLRQ7KHVDPHFDQEHH[-
SHFWHGZKHQWUDQVSRUWLQJWKHFRQVWUXF-
WLRQPDWHULDOIURPWKHFRQVWUXFWLRQVLWH
WRDGHTXDWHGLVSRVDOVLWHV
(1² LQÁXHQFHRQWKHHQYLURQPHQWGXULQJIDFLOLW\H[-
SORLWDWLRQZDVDQDO\VHG LQ UHODWLRQ WR WKH*3)
VL]H DQG ORFDWLRQ LW LV DVVXPHG WKDW D ODUJHU
QXPEHU RI SDUNLQJ SODFHV DQG WKH ORFDWLRQ
FORVHUWRWKHFHQWUHJHQHUDWHVHJWUDIÀFMDPV
ZKLFKDUHSDUWLDOO\WKHUHVXOWRIWKH*3)
(1² UHODWHV WR WKH DVVHVVPHQW RI LQÁXHQFH WKDW
WKH IDFLOLW\ KDV RQ WKH H[LVWLQJ DQG SODQQHG
FLW\YLHZZKLFKZDVDVVHVVHGLQUHODWLRQWRWKH
QXPEHURIVWRUH\VRIWKHIDFLOLW\DQGLWVORFDWLRQ
ZLWKLQWKHVSHFLÀF]RQHKLVWRULFDOFHQWUHRIWKH
FLW\RURXWVNLUWV
6²6RFLDOFULWHULRQ
7KH VRFLDO FULWHULRQ LV XVXDOO\ DVVHVVHG WKURXJK
WKHQXPEHURISHRSOHZKRZRXOGEHQHÀW IURPDFHU-
WDLQSURMHFW,QWKLVFDVHWKHIDFLOLWLHVKRXVLQJDODUJHU
QXPEHU RI YHKLFOHV DQG WKH IDFLOLWLHV ZKLFK WKH OR-
FDO LQKDELWDQWV ZRXOG EHQHÀW IURP GXULQJ WKH HQWLUH
\HDU HJ WKH IDFLOLWLHV VLWXDWHG QHDU WKH FLW\ FHQWUH
RU VSRUWV IDFLOLWLHVZHUH IDYRXUHG 3RVVLEOH QHJDWLYH
HIIHFWV IRU WKH VRFLHW\ZHUH WDNHQ LQWR FRQVLGHUDWLRQ
WKURXJKRWKHU FULWHULD HJ WUDIÀF YROXPH LQFUHDVH LQ
WUDIÀFFULWHULDVRWKH\ZHUHQRWGLVFXVVHGDVQHJDWLYH
VRFLDOHIIHFWV
7KHKLHUDUFK\RIWKHJDUDJHSDUNLQJIDFLOLW\ORFDWLRQ
VHOHFWLRQLVVKRZQLQ)LJXUH
 3DLU:LVH&RPSDULVRQRI$OWHUQDWLYHV
7KH $+3 PHWKRG DSSOLFDWLRQ SUHVXPHV SDLUZLVH
FRPSDULVRQRIDOODOWHUQDWLYHVZLWKUHVSHFWWRHDFKGH-
ÀQHGFULWHULRQRUVXEFULWHULRQRIWKHDERYHKLHUDUFK\
7KHFRPSDULVRQFDQEHFRQGXFWHGEDVHGRQWKHPHD-
VXUDEOH RU HVWLPDWHG LPSRUWDQFHSUHIHUHQFH RI RQH
DOWHUQDWLYH LQ UHODWLRQ WR WKH RWKHU 7KH DOWHUQDWLYHV
DVVHVVPHQWDFFXUDF\DFFRUGLQJWRDVSHFLÀFFULWHULRQ
VLJQLÀFDQWO\LQÁXHQFHVWKHFRQVLVWHQF\DQGWKHTXDOLW\
RIWKHSDLUZLVHFRPSDULVRQRIDOWHUQDWLYHV
%DVHGRQDOO WKHGHÀQHGFULWHULDDSDLUZLVHFRP-
SDULVRQRIDOODOWHUQDWLYHVZDVFRQGXFWHGDFFRUGLQJWR
HYHU\GHWHUPLQHGFULWHULRQ7DEOH7KHYDOXHVLQ7DEOH
DUHSUHIHUHQFHVRIDOWHUQDWLYHVZULWWHQLQURZVLQUHOD-
WLRQWRWKHDOWHUQDWLYHVZULWWHQLQFROXPQVZLWKUHVSHFW
WRDVSHFLÀFFULWHULRQ7KHSUHIHUHQFHYDOXHZULWWHQZLWK-
RXWEUDFNHWVGHÀQHVWKHDOWHUQDWLYHLQWKDWURZWREH
EHWWHUWKDQWKHDOWHUQDWLYHLQWKDWFROXPQZLWKUHVSHFW
WRWKHFULWHULRQ,IWKHDOWHUQDWLYHSUHIHUHQFHLVZULWWHQLQ
EUDFNHWVWKHQWKHDOWHUQDWLYHLQWKDWURZLVZRUVHWKDQ
WKHDOWHUQDWLYHLQWKHFROXPQ)RUH[DPSOHLQUHODWLRQ
WRWUDIÀFFULWHULRQ7DOWHUQDWLYH$LVVLJQLÀFDQWO\ZRUVH
WKDQDOWHUQDWLYH%YDOXHZKLOHDOWHUQDWLYH%HTXDOV
DOWHUQDWLYHV&DQG'YDOXHDQGDOWHUQDWLYH&LVVLJ-
QLÀFDQWO\EHWWHUWKDQDOWHUQDWLYH(YDOXH
7KHFRQVLVWHQF\RIDOWHUQDWLYHSDLUZLVHFRPSDULVRQ
PDWULFHVPXVWEHH[DPLQHGDFFRUGLQJWRHDFKFULWHUL-
RQE\DSSO\LQJWKHLQFRQVLVWHQF\LQGH[7KHVDPHDOVR
JRHVIRUGHÀQLQJWKHVXEFULWHULDSDLUZLVHFRPSDULVRQ
PDWULFHV LQ UHODWLRQ WR FULWHULD DQG FULWHULD SDLUZLVH
FRPSDULVRQPDWUL[ LQUHODWLRQWRWKHJRDO(YHQWXDOO\
WKHRYHUDOOLQFRQVLVWHQF\LVH[DPLQHG,IWKHLQFRQVLV-
WHQF\ LQGH[ LV ODUJHUWKDQWKHHVWLPDWHGDOWHUQD-
WLYHV VXEFULWHULD DQG FULWHULD SUHIHUHQFHV PXVW EH
DQDO\VHGDQGFRUUHFWHGLQRUGHUWRUHGXFHWKHYDOXH
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Figure 1 - Hierarchy structure
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,QWKHDQDO\VHGFDVHWKHLQFRQVLVWHQF\LQGH[RIDOODO-
WHUQDWLYHVSDLUZLVHFRPSDULVRQPDWULFHVLVDGHTXDWH
WKDWLVWKHLQFRQVLVWHQF\LQGH[LVOHVVWKDQ
 &ULWHULDLPSRUWDQFHGHWHUPLQDWLRQ
7KHFULWHULDDQGVXEFULWHULDLPSRUWDQFHGHWHUPLQD-
WLRQ LV D YHU\ LPSRUWDQW VWHS LQ WKH RSWLPDO VROXWLRQ
VHOHFWLRQ SURFHGXUH:KHQ VHOHFWLQJ WKH WUDIÀF IDFLO-
LW\ORFDWLRQWKHPRVWLPSRUWDQWFULWHULDDUHXVXDOO\WKH
WUDIÀFDQGWKHHFRQRPLFFULWHULD7KHVSHFLÀFUHTXLUH-
PHQWVRIDFHUWDLQHQYLURQPHQWLQWKLVFDVHWKHWRXULVW
FHQWUHORFDWHGLQWKHVHQVLWLYHNDUVWDUHDFDQLPSRVH
KRZHYHUWKHHQYLURQPHQWDODQGWKHVRFLDOFULWHULDDV
WKHYHU\LPSRUWDQWRQHV7KHFULWHULDLPSRUWDQFHLQVH-
OHFWLQJWKHPRVWIDYRXUDEOHVROXWLRQGHSHQGVDOVRRQD
VSHFLÀFUHTXLUHPHQWFRQQHFWHGZLWKWKHGHYHORSPHQW
VWUDWHJ\RIDFHUWDLQDUHD
,Q RUGHU WR H[DPLQH WKHPHWKRG VHQVLWLYLW\ LQ UH-
ODWLRQ WR FKDQJHVRI WKHFULWHULD LPSRUWDQFH WZRDS-
SURDFKHVZHUHDQDO\VHGLQWKLVSDSHUWKHUDQNOLVWRI
FULWHULD DFFRUGLQJ WR LPSRUWDQFH  WKHPRVW LPSRU-
WDQWFULWHULRQWKHOHVVLPSRUWDQWFULWHULRQHWF
 ² FULWHULDLPSRUWDQFHDFFRUGLQJWRVFHQDULR$
 WUDIÀFFULWHULRQ
 HFRQRPLFFULWHULRQ
 HQYLURQPHQWDODQGVRFLDOFULWHULD
 ² FULWHULDLPSRUWDQFHDFFRUGLQJWRVFHQDULR%
 HQYLURQPHQWDODQGVRFLDOFULWHULD
 WUDIÀFDQGHFRQRPLFFULWHULD
%\ DSSO\LQJ WKH LPSRUWDQFH YDOXHV IURP 7DEOH  
D SDLUZLVH FRPSDULVRQ RI FULWHULD LQ UHODWLRQ WR WKH
JRDOZDVPDGH)LJXUHOHIWSDUWVKRZVIRUVFHQDULR
$ WKDW WKH WUDIÀF FULWHULRQ 7 LV PRGHUDWHO\ PRUH LP-
SRUWDQW YDOXH  WKDQ WKH HFRQRPLF FULWHULRQ 7KH
HQYLURQPHQWDO DQG WKH VRFLDO FULWHULD DUH RI HTXDO
LPSRUWDQFH YDOXH  DQG OHVV LPSRUWDQW WKDQ WKH
HFRQRPLF FULWHULRQ YDOXH  DQG WKH WUDIÀF FULWHULRQ
YDOXH  )RU VFHQDULR % LQ )LJXUH  ULJKW SDUW WKH
HQYLURQPHQWDODQGWKHVRFLDOFULWHULDDUHRIVDPHLP-
SRUWDQFHYDOXHDQGERWKDUHVWURQJO\PRUHLPSRU-
WDQW YDOXH  LQ UHODWLRQ WR WKH WUDIÀF DQG WKH HFR-
QRPLFFULWHULD
7DEOHV LQ )LJXUH  VKRZ WKDW WKH LQFRQVLVWHQF\
LQGH[ IRU VFHQDULR $ LV  DQG IRU VFHQDULR%
7KHUHIRUHWKHFULWHULDFRPSDULVRQFRQVLVWHQF\ LVDOVR
DGHTXDWH,WPXVWEHKRZHYHUQRWHGWKDWDOOWKHVXE
FULWHULDZHUH DVVXPHG WR EH HTXDO LQ UHODWLRQ WR WKH
FULWHULD LQ RUGHU WR HQDEOH WKH VLPSOLÀFDWLRQ RI WKH
SUHVHQWDWLRQ
 5HVXOWVRI$+3PHWKRGDSSOLFDWLRQ
 6FHQDULR$
$OWHUQDWLYHVDQDO\VLVFRQGXFWHGE\$+3PHWKRGDS-
SOLFDWLRQ DFFRUGLQJ WR VFHQDULR $ VKRZQ LQ )LJXUH , 
VLQJOHVRXWDOWHUQDWLYH%DVWKHRSWLPDORQHDQGZLWK
DYHU\VLPLODURYHUDOOSULRULW\YHFWRUYDOXHDOWHUQDWLYH&
YDOXHGLIIHUHQFHLV2WKHUDOWHUQDWLYHV'$(
KDYHDVLJQLÀFDQWO\VPDOOHURYHUDOOSULRULW\YHFWRU7KH
RYHUDOO LQFRQVLVWHQF\ LQGH[ LVDGHTXDWHEHFDXVH LW LV

7KHSHUIRUPDQFHVHQVLWLYLW\JUDSKDQDO\VLVSRLQWV
WRDVLJQLÀFDQWUDQJLQJRIWKHDOWHUQDWLYH%SULRULW\YHF-
tor ()LJXUH  OHIW SDUW 7KHUHIRUH WKLV DOWHUQDWLYH LV
D YHU\ IDYRXUDEOHRQH IURP WKHVRFLDODQGHFRQRPLF
SRLQWRIYLHZEXWXQIDYRXUDEOHIURPWKHHQYLURQPHQ-
WDOSRLQWRIYLHZ$OWHUQDWLYH&GLVSOD\VDFRQVWDQF\LQ
SULRULW\YHFWRUYDOXHVZKLFKDORQJZLWKWKHYHU\VOLJKW
GLIIHUHQFHLQWKHRYHUDOOSULRULW\YHFWRUYDOXHLQGLFDWHV
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Figure 2 - Pair-wise comparison of criteria in relation to the goal for scenario A (left) and B (right)
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Figure 3 - Result of multi-criteria GPF locations ranking by applying the AHP method for scenario A
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Figure 4 - Performance sensitivity graph for scenario A (left) and B (right)
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Figure 5 - Result of multi-criteria GPF location ranking by applying the AHP method for scenario B
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